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The objective of this design study and competition - Next Generation Supersonic Candidate 
Engine and Aircraft Design, is a response to a proposal and is motivated by NASA’s National 
Research Announcement in 2006. The requirements of this design study are provided by AIAA 
(American Institute of Aeronautics and Astronautics). The aircraft designed is a private business 
class. The aircraft engine performs at a maximum speed of Mach 1.8 and supersonic cruise speed 
of Mach 1.6 at 55,000 feet and a range of 4000 nmi. A generated mission profile through 
considerations in flight regime will drive the design involved in the development of aircraft 
characteristics. Interior cabin configurations are expected to support seating for up to 100 
passengers. Using parametric cycle analysis, computational fluid dynamics, and system 
modeling/experimentation, a refined aircraft and engine design will be produced. Detailed analyses 
to meet the baseline requirements involve interpretation of trends of current generation aircraft 
engines are considered for the finalized design. The performance of the aircraft engine will involve 
calculations on wave drag, supersonic turbulent flow, and integrated methods of design of the 
nacelle enveloped within the aircraft fuselage. Through these various iterative methods, 
considerations in supersonic aircraft propulsion and aircraft design are presented. Projected 
technical specifications are to be implemented for the next generation of supersonic aircraft 
expected to be debuted in 2025. A robust composition of advanced material composites, methods 
of manufacturing, and forecasted advancements in technology are utilized to develop a proposal 




















































































































































































Figure	 58:	 Design	 1	 side	 cut	 plot	 profile	 view:	 (a)	 Pressure,	 (b)	 Mach	 Number,	 (c)	
Temperature,	and	(d)	Velocity.	.......................................................................................................................	91	
















































































The	 progression	 of	 time	 ignites	 the	 invention	 of	 many	 exciting	 and	 daring	
technologies	as	the	world	becomes	more	demanding.	Doctors	must	travel	across	states	to	
retrieve	 organs,	 businessmen	 have	 to	 venture	 across	 countries	 to	 negotiate	 corporate	
dealings,	 and	 everyone	 has	 to	 get	 somewhere	 faster.	 This	 dire	 need	 for	 promptness	 has	
become	 the	 catalyst	 for	aerospace	 leaders	 to	begin	designing	next	generation	 supersonic	
transport	vehicles.	To	power	such	forceful	and	fast	vehicles,	new	engine	designs	are	being	
explored	and	created.	NASA	is	one	of	the	major	facilitators	of	this	engineering	movement.	
















By	 the	 completion	 of	 the	 project,	 the	 prototype	will	 show	 improvements	 in	 TSFC	
(thrust	specific	fuel	consumption)	of	at	least	5%	with	significant	weight	savings,	meet	the	































A	thorough	 investigation	will	be	made	on	varying	conditions	 to	 the	geometry	and	the	






























This	 list	 of	 trade	 studies	 will	 guide	 the	 engine	 design.	 An	 analysis	 will	 be	 done	
comparing	values	such	as	overall	pressure	ratio,	turbine	inlet	temperature,	overall	pressure	
ratio	to	mission	fuel	burn,	cruise	TSFC	and	Engine	weight.	Given	that	the	requirements	for	





































By	 using	 simulations,	 a	 refined	 design	 can	 be	 accomplished.	 The	 main	 source	 of	
simulations	for	this	project	are	completed	using	SolidWorks.	Computational	Fluid	Dynamics	
(CFD)	 allows	 for	 the	 simulation	of	 air	 under	 various	 conditions.	The	main	 condition	 this	










design	 challenge.	 To	 conduct	 parametric	 cycle	 analysis,	 optimization	 techniques	 can	 be	











(NPSS),	GasTurb	12.	These	software	packages	will	 serve	as	a	guide	 in	order	 to	shape	 the	




The	 team	 will	 explore	 advanced	 and	 sophisticated	 computational	 simulations	 in	
order	 to	 verify	 the	 design	 compliance	 matrix.	 CFD	 and	 FEA	 simulations	 will	 work	
coincidently	with	the	parametric	cycle	analysis.	The	numerical	and	analytical	calculations	




The	 team	will	 undergo	 3D	 physical	 printing	 processes	 for	 rapid	 prototyping.	 The	
ideology	 allows	 for	 wind	 tunnel	 testing	 for	 aerodynamic	 design	 exploration.	 Possible	





turbofan	 engine	 that	 meet	 the	 baseline	 requirements	 set	 forth	 by	 AIAA	 and	 create	 a	




deliverables	 on	 this	 project	 include	 the	 report,	 presentation,	 and	 video	 associated	 with	
aeronautics	senior	design.	Some	of	the	design	specifications	and	goals	are	outlined	by	the	































	 Power	(%)	 Time	in	Mode	(min)	 Power	(%)	 Time	in	Mode	(min)	
Takeoff	 100	 0.7	 100	 1.2	
Climbout	 85	 2.2	 65	 2.0	
Descent	 N/A	 N/A	 15	 1.2	
Approach	 30	 4.0	 34	 2.3	




Conditions	 Altitude	(ft)	 Mach	 dTamb	(F)	 FN	(lbf)	 TSFC	(lbm/hr/lbf)	
SLS	 0	 0	 0	 64	625	 0.520	
Hot	Day	Take‐Off	 0	 0.25	 27	 56	570	 0.652	
Transonic	Pinch	 40	550	 1.129	 0	 14	278	 0.950	








Conditions	 Altitude	(ft)	 Mach	 dTamb	(F)	 FN	(lbf)	 TSFC	(lbm/hr/lbf)	
SLS	 0	 0	 0	 70	551	 0.494	
Hot	Day	Take‐Off	 0	 0.25	 27	 61	190	 0.620	
Transonic	Pinch	 40	550	 1.129	 0	 17	197	 0.804	

































to	 select	 the	 aircraft	 which	 proved	 the	most	 effective	 in	meeting	 the	 requirements.	 The	









The	 engine	design	has	 to	 be	 suited	 for	 efficient	 and	 fast	 travel.	 For	 these	 reasons	
certain	 engines	 may	 qualify	 as	 a	 baseline	 even	 though	 their	 original	 mission	 can	 be	
extraordinarily	 different	 from	 the	 one	 of	 this	 project.	 Starting	 with	 the	 fan,	 major	
considerations	are	the	blade	airfoil,	material	selection,	geometry,	and	connection	methods	
(dovetail).	“Thin	blades	are	ideal	from	an	aerodynamic	perspective,	whereas	thicker	blades	











lean‐burn	 (RQL)	 combustor	 concept.	 “It	was	 introduced	 in	 1980	 as	 a	 strategy	 to	 reduce	




















This	 powerful	 software	 allows	 the	 user	 to	 generate	 engine	 cycle	 models	 with	 various	














































tolerance	 to	 fatigue	 and	 the	 ability	 to	 be	 molded	 into	 approximately	 three	 dimensional	
shapes	 ideal	 for	 aerodynamics.	 Composites	 also	 resist	 creep	 that	 arise	 from	 centrifugal	
forces	generated	by	the	fan’s	high	speed	revolution,	“meaning	that	the	clearance	engineered	
initially	between	the	blade	tips	and	the	surrounding	duct	has	to	be	greater	than	it	should	be	





cycle	 cost,	 great	 performance	 historically,	 excellent	 high	 cycle	 fatigue	 (HCF),	 tensile,	 and	
yield	strength,	low	density,	and	a	naturally	regenerative	corrosion	resistant	protective	film.	




















has	 been	 researched	 is	 hybrid‐metallic	 material	 (HMM).	 “Unlike	 composite	 materials,	
hybrid‐metallic	materials	are	easier	to	transfer	among	designs,	meaning	they	are	well‐suited	
to	 the	 fabrication	 of	 fan	 blades	 of	 any	 size	 or	 dimension”	 [22].	 These	 structures	 exploit	
certain	properties	of	varying	materials	to	improve	structural	integrity	in	specific	areas.	They	
are	currently	being	developed	by	Pratt	and	Whitney	to	provide	both	weight	and	structural	
















propulsion	 challenges.	 The	 code,	 SUPIN	 (SUPersonic	 INlet)	 Design	 Code,	 is	 capable	 of	












of	 engine	 that	 will	 be	 selected	 for	 the	mission	will	 be	 towards	medium	 to	 large	 bypass	





















































prediction	 for	how	a	 full	 scale	 component	will	 behave	 realistically.	The	 figures	will	 yield	
results	that	will	be	used	within	further	calculations	and	charts	to	show	if	the	challenges	were	
met	within	 the	 desired	 5%	margins.	 They	will	 also	 help	 aid	 in	 the	 design	 of	 the	 engine	
components	after	the	combustor	(i.e.	turbine	and	nozzle).		



















components,	 and	 it	will	 also	 serve	 to	 reveal	parameters	 that	would	have	been	otherwise	
unknown	to	the	group.		
Throughout	 majority	 of	 the	 project,	 Microsoft	 Excel	 was	 used	 for	 the	 numerical	
calculations.	Having	to	perform	parametric	cycle	analysis,	besides	Matlab,	Excel	would	be	an	
easier	program	to	use.	Using	Excel	also	helped	to	correlate	data	from	different	sheets	and	
workbooks	 to	 create	 plots	 for	 the	 necessary	 trade	 studies.	 Excel	 also	 helped	 highlight	












































































To	 determine	 if	 the	 baseline	 engine	 was	 a	 suitable	 engine,	 the	 team	 performed	
parametric	 cycle	 analysis.	 Research	 was	 conducted	 to	 find	 the	 input	 values	 that	 were	
required	 for	 the	 calculations.	 For	 the	 values	 that	 were	 not	 given	 through	 research,	
assumptions	were	made	 from	 the	 trend	studies	of	 similar	engines.	After	 the	 inputs	were	
found,	 an	Excel	 sheet	was	designed	 that	 incorporated	 the	PCA	equations	 (1)	 ‐	 (45)	 from	
Elements	 of	 Propulsions	 [11].	 After	 the	 program	 finished,	 the	 propulsive	 and	 thermal	
efficiencies	 were	 calculated	 and	 found	 to	 be	 98.53%	 and	 51.46%,	 respectively.	 These	
efficiencies	would	yield	an	overall	efficiency	of	50.7%.	This	was	deemed	acceptable	because	
it	was	close	to	the	efficiencies	of	typical	high	bypass	turbofan	engines.	Below	are	the	inputs,	






























After	 the	 initial	 PCA	program	was	 completed,	 the	 team	decided	 to	 do	 one	 for	 the	
candidate	 engine.	 By	 using	 the	 results	 from	 the	wave	 drag	 calculations	 along	with	 input	
values	from	industry	(e.g.	GE	GenX	fan	ratio	and	bypass	ratio)	depending	on	what	engine	
parts	 were	 used	 for	 the	 team’s	 design.	 	 Because	 the	 new	 design	 was	 performing	 under	
different	 conditions,	 the	 program	 yielded	 different	 results.	 The	 propulsive	 and	 thermal	
efficiencies	were	61.8%	and	30.9%	respectively	to	yield	an	overall	efficiency	of	19.1%.	The	




Modeling	 wave	 drag	 is	 conducted	 both	 numerically	 (analytically)	 and	
computationally	 for	 initializing	 baseline	 supersonic	 wave	 drag	 calculations.	 In	 order	 to	
determine	a	baseline	inviscid	wave	drag,	various	projected	areas	of	the	aircraft	mainframe	
body	 such	 as;	 fuselage,	 wings,	 and	 control	 surfaces	 are	 constructed	 in	 mathematically	
relationships.	Estimated	from	Euler	differential	equation,	each	component	is	simplified	to	
achieve	bounds	on	obtaining	minimum	drag	[21].	Equation	(1),	Slender	Body	Wave	Drag,	
describes	 the	 fuselage	 main	 body	 frame	 in	 integrating	 along	 for	 slender	 bodies	 with	
considerably	high	fineness	ratios.	
Slender	Body	Wave	Drag	
	 	 	 		 (46)	
The	minimum	wave	drag	estimation	 is	 crude	and	simplistic	 formula	 that	provides	




















	 	 	 	 	 	 	(49)	
Using	the	governing	equations	estimating	wave	drag	referencing	equations	1	through	
4,	a	numerical	baseline	estimation	of	wave	drag	can	be	calculated.	The	design	challenged	





























Computational	 Fluid	Dynamic	Analysis	 is	 conducted	 to	 validate	 and	 test	 two	 inlet	
design	configurations.	These	configurations	are	analyzed	to	explore	the	pressure	recovery	













































































engine.	 It	was	 selected	as	 the	 team’s	 sole	 source	of	CFD	analyses	due	 to	 ease	of	use	 and	
common	familiarity.	Depending	on	the	parts	examined,	certain	key	parameters	were	solved	







Propulsion	 text	 by	 Jack	 D.	Mattingly.	 PARA	 is	 a	 useful	 software	 package	 for	 this	 project	
because	 it	 is	 capable	 of	 conducting	 simultaneous	 equations	 involved	 in	 parametric	 cycle	
analysis.	With	this	ability,	various	trade	studies	were	conducted	on	the	baseline	engine.	For	


































TURBN	 is	 another	 supplemental	 software	 provided	 through	 the	 Elements	 of	
Propulsion	 text	 by	 Mattingly.	 It	 is	 valuable	 because	 with	 it,	 one	 can	 solve	 simultaneous	




























The	ensure	 feasibility	 in	 the	design	decisions	 for	candidate	engines	 for	supersonic	
transport,	considerations	needed	to	be	made	in	relation	to	existing	engines.	Research	was	
done	 on	 existing	 engines	 to	 determine	 their	 respective	 technical	 specifications.	 Through	
various	sources,	a	compiled	tabulated	 list	of	values	of	technical	specifications	for	existing	
engines	was	 created.	 Specifications	 tabulated	 include:	Thrust,	 Specific	Fuel	Consumption,	




Given	 that	 the	 information	 for	 each	 engine	 is	 provided,	 plots	 were	 generated	 to	
determine	historical	trends	based	on	engine	type.	Multiple	plots	were	generated	using	values	
found	 specific	 to	 each	 engine.	 Parameters	 for	 each	 of	 these	 engines	were	 compared	 and	
plotted	to	obtain	trends	that	would	allow	design	decisions	for	candidate	engines.	To	observe	
the	differences	between	each	engine,	these	plots	can	be	found	in	the	Appendix	H.	Using	the	
tabulated	 data,	 reasonable	 values	 can	 be	 determined	 for	 each	 engine.	 Based	 on	 the	
requirements	provided	by	AIAA	and	NASA,	sound	decisions	can	be	made	for	each	parameter.	


































OPR,	 displaying	 a	 linearly	 increasing	 trendline.	 This	makes	 sense	 since	 the	 difference	 in	
pressure	is	a	contributing	factor	to	how	fast	an	aircraft	can	travel.		
A	variety	of	trends	can	be	observed	from	the	generated	plots.	These	trends	are	useful	




















































































airfoil	 characteristics.	 Fuselage	 have	 a	 small	 selection	 of	 general	 shapes	 that	 base	 of	 the	
cylindrical	geometry.	In	the	next	vehicle	design	challenge,	a	mathematical	oval‐conical	shape	
will	 be	 modeled	 to	 integrate	 the	 high	 factors	 of	 aerodynamics	 and	 maintain	 feasibility	
spacing	 for	 passengers.	 The	 design	 selection	 combines	 various	 combinations	 of	 sized	





































































































A	 design	 study	 was	 conducted	 to	 identify	 possible	 seating	 configurations	 for	 the	
interior	of	 the	aircraft.	Considering	 this	aircraft	 is	designated	as	a	business	class	aircraft,	
accommodations	must	be	made	to	ensure	a	sense	of	 luxury	in	the	cabin.	Two	approaches	
were	made	 in	 terms	 of	 identifying	 the	 seating	 desired.	 One	 approach	was	 to	 implement	
standard	seating	 found	 in	economy	plus	seating	 found	 in	the	current	state	of	commercial	
aircraft.	 The	 other	 approach	 was	 to	 utilize	 a	 more	 modern	 and	 private	 class	 seating	


























































The	 standard	 seating	 configuration	 of	 this	 aircraft	 will	 seat	 over	 100	 passengers	
comfortably.	The	only	downside	to	this	configuration	is	that	it	only	offers	very	basic	seating	
with	minimal	 features	 for	 a	 business	 class	 seat.	 One	 aspect	with	 the	more	 basic	 seating	
configuration	 is	 that,	 depending	 on	 the	 target,	 if	 more	 passengers	 are	 desired	 then	 the	
commercial	standard	configuration	can	be	utilized.	Although,	a	negative	side	effects	of	this	
configuration	 is	 that	 it	 does	 not	 offer	 luxury	 or	 first	 class	 amenities	 for	 passengers.	 If	











































The	 prototypes	 for	 this	 project	 include	 component	 design,	 engine	 models,	 and	
interior	 design	 configurations	 for	 the	 finalized	 aircraft.	 The	 component	 design	 involves	
generated	detailed	models	of	the	fan,	inlet,	compressor,	turbine	and	nozzle.	For	the	aircraft,	
various	configurations	using	varying	aircraft	properties	and	geometries	are	generated.	 In	
addition,	 detailed	 CFD	 was	 conducted	 on	 the	 overall	 aircraft	 design.	 The	 interior	
configuration	of	 the	aircraft	was	created	using	 two	varying	styles,	one	approach	 involves	
using	a	similar	format	and	seat	of	standard	commercial	airliners	and	the	second	approach	






















component	 could	 be	 done.	 Another	 area	 to	 expand	 upon	would	 be	 the	 hub	 assembly.	 A	
common	 concern	 found	 during	 initial	 research	 was	 finding	 better	 ways	 to	 connect	 the	
varying	components	to	achieve	maximum	weight	savings	and	efficiency.		
Trying	to	develop	new	or	enhance	current	studies	on	the	TAPS	II	lean	burn	combustor	







configuration	 to	 create	 an	 efficient	 flow	 through	 the	 core	 of	 the	 engine.	 	 With	 our	 low	




and	 studied	 upon.	 Each	 method	 would	 require	 different	 geometries	 and	 could	 result	 in	
weight	gains,	so	improving	upon	current	noise	reducing	methods	could	be	very	beneficial	to	
the	industry.		






sea	 level	 (std).	 For	 next	 generation	 supersonic	 aircraft,	 NOx	 emissions	 contribute	 to	 the	






system	analysis	 of	 the	 entire	 engine	 could	 be	performed	 to	 show	how	 the	 engine	would	
function	realistically.	After	the	tests	are	done,	all	of	the	material	data	and	weights	could	be	
gathered	 to	give	a	real‐time	rendering	of	what	an	aircraft	 such	as	 the	one	created	would	
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the	 carpet	 plots.	 Each	 plot	 is	 with	 respect	 to	 Specific	 Thrust	 and	 TSFC.	 The	 carpet	 plot	
























































































































































































































































































































































Challenges	have	been	 faced	 from	 the	 beginning	 of	 the	 project.	 Initially,	 to	 gain	 an	
understanding	 on	 what	 direction	 the	 group	 was	 to	 take,	 research	 was	 explored	 on	 any	
current	supersonic	transport	aircraft.	Later	research	was	conducted	on	those	incorporating	
the	 use	 of	 turbofan	 engines.	 	 Both	 situations	 were	 initially	 retarded	 by	 lack	 of	 public	





team	 was	 able	 to	 find	 a	 list	 of	 hundreds	 of	 engines	 to	 use	 for	 trade	 studies.	 This	 was	
completed	simultaneous	with	individual	research	and	data	collection	from	various	sources.			
Once	 enough	 historical	 data	was	 found,	 the	 parametric	 cycle	 analysis	 began.	 This	
process	proved	more	challenging	the	more	it	was	worked	on.	Having	to	analyze	the	many	
parameters,	 equations,	 and	 variables	 that	 go	 into	 PCA	 was	 challenging.	 After	 all	 of	 the	
constants,	assumptions,	and	standard	values	were	collected	and	documented	on	an	Excel	
sheet,	 the	 necessary	 thought	 process	 began	 to	 unravel.	 This	 was	 aided	 by	 the	 use	 of	
aerospace	textbooks	and	websites	to	help	break	down	the	many	equations	and	variables.	






with	 the	 intentions	 of	 running	 the	 program	 again	 with	 the	 values	 from	 the	 different	
computational	methods.	
Proceeding	the	PCA	was	the	generation	of	a	chart	that	displayed	the	thrust	and	TSFC	







model	 described	by	AIAA,	 the	 total	wave	drag	was	 calculated	 on	Excel	 and	 then	used	 to	
determine	which	powerplant	the	team	would	choose.	This	thrust	value	will	help	show	where	
the	design	falls	in	respect	to	a	thrust	versus	TSFC	graph	and	if	the	design	criteria	were	met.	




team	 did	 set	 up	 a	 prescribed	 budget	 to	 complete	 the	 project	 covering	 any	 fees	 deemed	
necessary	for	completion.	Concerning	a	theoretical	budget	for	manufacturing	the	design,	this	
has	proved	difficult	since	a	market	for	supersonic	transport	vehicles	do	not	exist	outside	of	
the	military	(whom	do	not	tend	to	have	budgets).	Further	research	into	this	will	be	done	in	
future	work.	
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